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Presentation Outline 

• Introduction to the project 

• Tasks 

• Student training 

• Student research successes 

• Lessons learned and future plans 
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Benefit to the Program  

• Addresses Carbon Storage Program major goals: 
– Develop technologies that will support industries’ ability to predict CO2 storage 

capacity in geologic formations to within ±30 percent. 

– Conduct field tests through 2030 to support the development of BPMs for site 

selection, characterization, site operations, and closure practices.   

 

• Benefits to CCS Program: 
– This project is providing multiple graduate students with geological 

training and research experience related to ongoing CCS projects.  

Benefits to the Sequestration Program include analyses of DOE 

Partnership related sample, improved understanding of reactivity, 

testing and refining reservoir and seal characterization techniques, and 

providing inputs for modeling.  On a larger scale, we are developing the 

foundation for a CCS aware geoscience workforce and investigating 

curricular strengths and needs related to this field.       
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Project Overview:   
Goals and Objectives 

• Expose and train multiple graduate students in geological tools that are 

essential to reservoir characterization and geologic sequestration  

– Petrological, mineralogical, and geochemical methods 

– core analysis, and geophysical well-log interpretation  

– Identify appropriate geologically based curriculum  

 

• Conduct original scientific research on lithological, textural, and 

compositional variability in formations that are being targeted as CO2 

sequestration reservoirs and seals 

– Focus  on the Mount Simon Sandstone (MS) and overlying Eau Claire Formation (EC) 

seal, but applicable to other targeted CCS reservoirs 

– Research goal: Understand how different depositional and diagenetic histories affect 

the reservoir quality; identifying important soluble mineral phases with emphasis on 

those that are in contact with pore space and would be reactive with CO2-saturated 

brines. 

– Tools:  Reflected and transmitted light petrography, cathodoluminescence, x-ray 

diffraction, reflectance spectroscopy, scanning electron microscopy/ energy dispersive 

X-ray analysis, and stable isotope geochemistry…  



Context of Research 
• Focus on MS and EC as a CCS system in Illinois Basin 

• Train students working within a collaborative group of academic, 

government, and industry partners- the CCS community 
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Becker, 1978 Field trip to MS & EC outcrops (WI): 

Purdue group, IGS, MGSC, Michigan 

State, MRCSP 
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Context of Research 

• Opportunities for student training on relevant samples 



Technical Status 

• Multiple graduate and undergraduate students supported to do CCS 

related research 

• Collaborative work with NETL, MGSC, MRCSP, Indiana Geological 

Survey, New Mexico Tech and synergies with other DOE-funded projects 

• Major accomplishments:  

– Quantitative understanding of variations in reservoir and seal 

composition on micro (sub-mm) to macro (basin-wide) scales 
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Tasks – Overview 

Task  # Task Description Task Duration 

1 Project Management and Planning 12/01/2009 – 

09/30/2013 

2 Establish Initial Research Team  12/01/2009- 

08/01/2010 

3 Define Courses for Geologic CO2 Sequestration 

Graduate Curriculum  

12/01/2009- 

11/01/2010 

4 Literature, Data, and Sample Review  12/01/2009- 

05/01/2011 

5 Quantifying spatial heterogeneity in reservoir 

characterization  

04/01/2010- 

06/01/2012 

6 Experimental evaluation of temporal changes in 

reservoir character  

01/01/2011- 

09/30/2013 

7 Documentation of Results and Final Report to DOE  12/01/2009 

09/30/2013 



Accomplishments to Date 

• Partial to full support of 5 graduate and 3 undergrad students 

• Student research: 

– Ochoa MS thesis, completed Dec. 2010  

• “Porosity Characterization and Diagenetic Facies Anaysis 

of the Cambrian Mount Simon Sandstone: Implications for a 

Regional CO2 Sequestration Reservoir” 

– Neufelder MS thesis, completed May 2011 

• “Petrographic, mineralogical, and geochemical evidence of 

diagenesis in the Eau Claire Formation:  Implications for 

sealing capability in a CO2 sequestration system” 

– Thomas Lovell PhD research, in progress 

• “Investigating changes in composition and texture in the 

Mount Simon Sandstone and Eau Claire Formation within 

the Illinois Basin”  
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Accomplishments to Date 

• Student research, continued: 

– Gonzalez MS research, in progress 

• “Geochemical and mineralogical evaluation of CO2-brine-

rock experiments: Characterizing porosity and permeability 

variations in the Cambrian Mount Simon Sandstone” 

– Undergraduate research examples:  

• Chentnick: “Characterizing fractures and deformation bands: 

Implications for long-term CO2 storage within the Cambrian 

Mount Simon Sandstone” 

• Shufflebarger: “Petrographic and stable isotope analysis of 

carbonates in the Eau Claire Formation” 

 

• Development of new “Geologic CO2 Sequestration” graduate 

course  
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Literature-based “textbook” for geologic 

CO2 sequestration course 



Student Research Successes 
• Ochoa MS thesis, completed Dec. 2010  

 “Porosity Characterization and Diagenetic Facies Anaysis of the 

Cambrian Mount Simon Sandstone: Implications for a Regional CO2 

Sequestration Reservoir” 
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1 mm 

Detrital  

K-feldspar 

– Objective: to understand what 

processes cause porosity and spatial 

variations in porosity in the MS.   

– Approach: petrographic image analysis 

of 150 thin sections to quantify porosity 

and identify porosity type and formation 

process 

– Major conclusions: 4 dominant types 

of porosity; dissolution porosity 

significant at injection-relevant depths; 

link to detrital composition 
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Petrographic Image Analyses (PIA) 
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Mount Simon Sandstone PIA Porosity Analyses 
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• Large range in porosity at given depth- why?  

• Reduction in the maximum porosity with depth 

 



Mount Simon Sandstone porosity types 



Mount Simon Sandstone dominant pore types 



Student Research Successes 
• Neufelder MS thesis, completed May 2011 

– “Petrographic, mineralogical, and geochemical evidence of diagenesis 

in the Eau Claire Formation:  Implications for sealing capability in a 

CO2 sequestration system” 
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– Objective: to quantify compositional 

and textural variability within the EC 

– Approach: examine texture, 

mineralogy, and geochemistry of ~60 

EC samples from wells across the 

Illinois Basin 

– Major conclusions: sealing capabilities 

quite variable depending on depositional 

fabric and diagenetic history; substantial 

dissolution porosity in some areas; need 

for intraformational mapping of 

lithofacies (ongoing with IGS) to focus 

on just shale as seal 

 

1 mm 



• Inherent availability limitations for sample-based analysis 
18 

Eau Claire Formation sample context 



19 

• Textural and compositional variability 

between intraformational lithofacies 

– Sandstone, clean siltstone, muddy siltstone, sitly 

mudstone, and shale lithofacies 

– Extreme compositional and textural differences 

between lithofacies 

Mineralogical variations from XRD analysis  



Fluid history in a seal? 

• Diagentic fluids have left a 

strong fingerprint in some of 

the EC 

– Dissolution, secondary phases, 

oxidation, etc.  
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Student Research Successes 
• Lovell PhD research, started August 2010 

 “Investigating changes in composition and texture in the Mount 

Simon Sandstone and Eau Claire Formation within the Illinois Basin” 
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– Objective: to characterize and explain 

regional compositional and textural 

trends in MS and EC 

– Approach: integrated well-log, core, 

thin section, geochemistry analyses to 

identify sedimentary provenance 

analyses (e.g., compositional variations, 

detrital zircon analyses, depositional 

and tectonic models) 

– Major conclusions: fluctuations in 

source terranes and facies architecture 

influence detrital composition 
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•Core analysis 

•Composition via 

petrographic point 

counting  

•Paleo-

environmental 

interpretations 

•Source terrane 

age ranges 

•Basin-scale 

depositional model 

for better prediction 

of reservoir / seal 

qualities  



How sedimentary provenance affects reservoir quality 

• Schematic diagram illustrating how detrital composition and reservoir quality can be affected by 

differences in sedimentary provenance. 1. Strata sourced proximally from the 1.8-1.65 Ga 

terrane yield low feldspar percentages. 2. distally sourced strata contains a moderate amount 

of feldspar. 3. Strata sourced from the 1.47 Ga terrane yield high feldpsar content. Feldspar 

dissolution creates porosity…  
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Student Research Successes 
• Gonzalez MS thesis, in progress 

– “Geochemical and mineralogical evaluation of CO2-brine-rock 

experiments: Characterizing porosity and permeability variations in the 

Cambrian Mount Simon Sandstone” 
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– Objective: to examine any compositional 

and textural changes in samples 

exposed to experimental CCS conditions 

for 6 months 

– Approach: collaboration with NETL and 

IGS; microscopy and geochemistry 

– Major conclusions: changes in brine 

composition before and after suggests 

dissolution of some soluble Fe-bearing 

phases; small change in porosity and 

permeability measured; microscopy 

observations illustrate changes in texture 

 Soong, Hedges, Rupp et al. 



Brine Chemistry 
 Symbol pH Na Fe Cl Al Mg Ca K S 

NO3 

(as N) 
Ti Ba Mn Ni Pb Ba 

Unit 

Symbol 
mg/L mg/L mg/L µg/L mg/L mg/L mg/L mg/L mg/L µg/L µg/L µg/L µg/L µg/L µg/L 

Detection 

Limit 
0.1 0.01 0.03 2 0.1 0.1 0.1 1 0.01 0.1 0.1 0.1 0.3 0.01 0.1 

Analysis 

Method 

ICP-

OES 

ICP-

OES 
IC ICP-MS 

ICP-

OES 

ICP-

OES 

ICP-

OES 

ICP-

OES 
IC ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS ICP-MS 

Synthetic 

Control 

Brine 

3.3 
4740

0 
75.8 130000 < 200 2500 19800 1440 168 23.9 21.4 10700 < 10 815 15.4 10700 

Synthetic 

Control 

Acidified 

1.4 
4250

0 
82 122000 NA NA Na Na Na 134 < 200 1940 0.02 392 20 1940 

Vermillion 

6 month 
1.7 

5080

0 
123 133000 1090 2690 21300 1570 171 131 27.1 6000 127 1300 119 6000 

Knox Co 

6 Month 
1.9 

5310

0 
126 144000 903 2820 22400 1650 175 122 37.2 9650 255 1710 206 9650 

All major ions and trace elements increase in concentration after the experiment  

suggesting dissolution of Na, Fe, Al, Mg, Ca, K, and several trace elements. 

 

No evidence of precipitation of phases from fluid chemistry.  

 

 Knox and Vermillion samples displayed different rates of dissolution based on 

cation and trace element concentrations.   



Point Count compositional results  

(500 grain measurements per sample) 
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SEM-EDX analyses 

• Systematically quantify pore and mineral 

textures and geochemistry on nm to micron 

scale across samples  
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O Al Si S Cl Ca 

55.67 1.62 39.67 0.36 1.38 0.49 



Overall Summary 

• Student-led research on CCS relevant samples producing 

significant new information about spatial and temporal 

heterogeneities in reservoir and seal formations 

– Training through hands-on research 

– Formal training: Challenges but importance of interdisciplinary 

coursework  

• Lessons Learned 

– Challenges related to differences in perspective from gov’t and 

industry needs versus academic training and research 

– Overlap in tools with oil and gas industry (all students now 

employed in energy industry) 

• Future Plans 

– Completion of student work, publication of results 
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Appendix 

– Organizational chart: project team 

– Gantt Chart: project timeline 

– Project Milestones 

– Budget 

– Bibliography 

 

 

 

• Thank you!  
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Organization Chart 

• Project team: Purdue University  

– Dr. Brenda B. Bowen: PI, student advisor 

• Raul Ochoa: MS student 

• Ryan Neufelder: MS student 

• Alex Gonzalez: MS student 

• Stacy Story: PhD student 

• Thomas Lovell: PhD student 

• Nicholas Black: undergraduate student 

• John Shufflebargar: undergraduate student 

• Brenton Chentnik: undergraduate student 
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Gantt Chart 



Project Milestones 

 Milestone Completion Date Validation  

HQ Milestone:  Project Kick-off Meeting 
02/18/10 

Documentation of completion can be found in 

the FY10Q1 quarterly report 

HQ Milestone:  Educational Program Instituted 
06/30/10 

Documentation of completion can be found in 

the FY10Q3 quarterly report 

HQ Milestone:  Semi-Annual Progress Report (i.e. 
Quarterly report ending June 30, 2010) 

07/30/10 Quarterly report submitted for Q3 

HQ Milestone:  Yearly Review Meeting  
02/24/11 

Gave webinar presentation on research 

project to date 

HQ Milestone: Provide at least 50 students with 
20,000 research hours 

Met ahead of 

schedule 

(06/03/11) 

Note: This milestone was met collectively by 

all projects. No one project was held 

accountable to the milestone. 

HQ Milestone:  Semi-Annual Progress Report (i.e. 
Quarterly report ending June 30, 2011) 

07/29/11 Quarterly report submitted 

HQ Milestone: Provide at least 50 students with 
20,000 of research hours. 

03/31/12 
Note: This milestone was met collectively by 

all projects. No one project was held 

accountable to the milestone. 

HQ Milestone: Semi-annual progress reports (i.e. 
Quarterly Report ending March 31, 2012). 

04/15/12 Quarterly report submitted 

HQ Milestone: Yearly Review Meeting of all 
recipients; opportunities for information exchange 
and collaboration.  

09/23/12 Present project at meeting 



Budget to date 

   

Year 1: Start: 12/01/2009   End:    09/30/2010 Year 2: Start: 10/01/2010   End:    09/30/2011 Year 3: Start: 10/01/2011   End:    09/30/2012 Year 4: Start: 10/01/2012   End:    11/30/2012 

Q1         
(Dec 2009) 

Q2         
(Jan 2010) 

Q3         
(Apr 2010) 

Q4         (Jul 
2010) 

Q1         
(Oct 2010) 

Q2         
(Jan 2011) 

Q3         
(Apr 2011) 

Q4         (Jul 
2011) 

Q1         
(Oct 2011) 

Q2         
(Jan 2012) 

Q3         
(Apr 2012) 

Q4         (Jul 
2012) 

Q1         
(Oct 2012) 

Q2         
(Jan 2012) 

Q3         
(Apr 2012) 

Q4         
(Jul 2012) 

Baseline Cost Plan (from Sf-
424)         

      

      

Federal Share          7,912         23,736         23,736         23,736         24,238         25,242         25,242         25,242          25,496         26,004         26,004        26,004          17,328  

      

      

Non-federal Share                3,442                    

      

      

Total Planned (federal and 
Non-federal          7,912         23,736         23,736         27,178         24,238         25,242         25,242         25,242          25,496         26,004         26,004        26,004          17,328  

      

      

Cumulative Baseline cost          7,912         31,648         55,384         82,562       106,800       132,042       157,284       182,526       208,022       234,026       260,030     286,034       303,362  

      

      

                                  

Actual Incurred Cost         

      

      

Federal Share                 -           23,146         17,704         23,802         41,704         26,785         29,290         16,514          29,031         22,057         43,824      

      

      

Non-federal Share                 -                 662           1,246                  -             1,156                      -                     -                 852             (473)     

      

      

Total Planned (federal and 
Non-federal                 -           23,808         18,950         23,802         42,859         26,785         29,290         16,514          29,031         22,908         43,351                 -                     -    

      

      

Cumulative Baseline cost                 -           23,808         42,758         66,560       109,419       136,204       165,494       182,008       211,038       233,947       277,298     277,298       277,298  

      

      

                                  

Variance         

      

      

Federal Share          7,912               590           6,032               (66)      (17,466)        (1,543)        (4,048)          8,728          (3,535)          3,947       (17,820)       26,004          17,328  

      

      

Non-federal Share                 -               (662)        (1,246)          3,442         (1,156)                 -                    -                    -                     -               (852)              473                 -                     -    

      

      

Total Planned (federal and 
Non-federal          7,912               (72)          4,786           3,376       (18,621)        (1,543)        (4,048)          8,728          (3,535)          3,096       (17,347)       26,004          17,328  

      

      

Cumulative Baseline cost          7,912           7,840         12,626         16,002         (2,619)        (4,162)        (8,210)              518          (3,016)                79       (17,268)         8,736          26,064  
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• Note: student authors supported by project underlined 
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